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II

CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

SI. 5. customary units of measurement used in this report can be con-

verted to metric (Sf) units as follovs:

Multiply JAY_ To Obtain

pounds (mass) 0.I4535924 kilograms

feet 0. 3104 8 metres

miles (U. S. statute) 1.609344 kilometres
feet per second 0.3048 metres per second

degrees (angular) 0.01745329 r&dians

1'3

1 4 1

l,3
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SUBSURFACE EXPLORATION IN ALLUVIAL TERPFAIN BY
SURFACE GEOPHYSICAL MEMODS

PART I INTROD)UCTION

Backqroi nd

1. Restraints caused by urbnrxization and environmehAtal concern

have led to increasing emphasis on the use of remote sensing an,' low-I •energy surface and subsurface exploration systems in Corps foundation

investigations and construction material surveys. The increasing cost

of borings is often the basis for use of widely-spaced borings Li pre-

construction foundation investigi.ticns with subseqAent loss of detail

regarding subsurface conditions. The use of surface geophysical t'ech-

niques to obtein subsurface data o.'fers a means of econcoiAally supple-

menting limited borehole inv-sti4Rtion and of aiding in more efficient

placement of borings. ResiStivit'V 4nd seismic refraction methods are

being used for vrxious investigative purposes in upland areas and in

areas ccntaining hard rock materials. Thr're is little reference in the

literature, however, to applications in alluvial and deltaic areas In

these areas soils are variable both laterally and vertically, may

contain appreciable amounts c- organic iaetter, and often are charac-

terized by shallow, even surface-exposed, groundwater conditions.

2. Urban areas also have features that affect the acqWisition of

subsurface data. Constraints on high-encrgy geophysical miethods such as

explosive seismic techniques are expected in cities, a problem thate can

be overcome by use of the hammer seismic device. Urbaei areas also

contain anomalies in the form of rail lineo, buried and overhead

electrical cables, sewer lines, auid fences that affect either se.ismic

signals or electrical current patterns. The .apability of seismic and

resistivity sarveys to operate effectively under these circumotances

should be demonstrated.



I-

3. The New O-tleans District of the Lower Misni3sippi Valley

Division (1AVD), U. S. Army Corps of Ergineers, pruvides a variety of

projects, such as levee and drainage structure locations and setbacks,

lock investigations, location of construction materials, and routine

maintenance of flood control and other structures in diverse hydrologic

and geologic conditions in which surface geophysical methods can be

investigated and procedures developed.

Purpose and Scope

4. This study investigated the effectiveness of seismic refrac-

ticrn using a hammer source and surface electrical resistivity methods in

determining the presence, depth, and characteristics of subsurface

geologic features in an alluvial terrain. The study also investigated

the ability of these techniques to function in ar urban environment.

The equipment used was limited to a single-channel, signaJ -enhancement

refraction seismograph and a direct-current resistivity meter. The two

systems were used to obtain comvplementary data at each of four sites.

The geologic materials encoun+,ered were all unconsolidated, dry to

saturated, and ranged from clays through sands and gravels.

z V-7M



PART I: SITES, EQUIPMENT, AND METHODS

Description of Sites

5. Geophysical surveys were run at four sites in the Neu Orleans

District and attempted at one other site. Figure 1 shows the general

locations of the four sites. The first a ,e is on the left bank of the

Old River outflow channel, west of the Old River Control Structure, in

the Fort Adams and Turnbull Island 7-1/2 minute quadrangles. The

target at this site was a buried clay plug filling a portion of an

abandoned Mississippi River channel. The second site is near the

proposed location for Lock and Dam No. 3 on the Ret River in central

- Louisiana, located in the Boyce, Louisiana, quadrangle. Surveys there

attempted to ýocate the contacts between the point bar-backawamp system

of the Red River and the upland Pleistocene terrace deposits. An

attempt was also made to determine the depth to the underlying Tertiary
bedrock.

6. The third site is in north-central New Orleans along the west

levee of the Metairie Outfall Canal. The site 4s located in the Spn-ish

Fort and New Orleans East quadrangles. An ancient buried beach has been

mapped previously in this vicinity and the geophysical investigation was

directed toward finding the southern edge of the beach and determining

the depth to its top. An alternate site on the Inner Harbor Navigation

Canal, New Orleans, containing the buried beach was also visited, but

the existence of certain man-made structures at the site made it impos-

sible to collect usable data, as discussed in Part iII of this report.

The fourth site, located in the New Orleans West quadrangle, is along a

"ecently clcared railroad right-of-way on Nine Mile Point, south of the

Mississippi River. The geologic section consists of point bar to the

aorth, contacting backswamp materials to the south, overlain partially

by natural levee deposits. The object of the surveys there was to

locate the contact between point bar and backswamp materials, determine

the thickness of naturr~l levee deposits, and, if nossible, detect the

6



contact with the underlying Pleistocene deposits at depth. Detailed

locations and descriptions of these sites are given in Part III.

Eguivq~nt

7. The seismic refraction surveys vere run with a Bison Model

1575B single-channel signal-enhancement aeinmograph with strip-chart

recorder (Figure 2). The system uses a single geophone to receive

seismic signals generated by striking a metal plate on the ground with a

sledge hainwir. A 16-1b* hanmer and a steel striking plate were used for

all the seismic surveys ir this study. Signal arrival times are read to

the nesaebt tenth of a millisecond. The geophone amplifier gain can

select from 0 to 99 decibels (db) in 1 db increments. A Keck Model IC-

69 direct-current resistivity meter was used in the electrical zurveyj

(Figure 3). The resistivity meter draws up to 400 micro.rperes while

operating and gives a reading in ohms to the nearest thousandth ohm.

Power for the resistivity determination is supplied by four 4 5-volt dry

cell batteries connected in series by a switch to allow use of one or

mo e batterlee at a time. C,:rrent electrodes are copper-clad steel

stakes. Porous ceramic pots filled with copper sulphate are used as

potential electrodes.

Seismic Interpretation Methods

8. The seismic s~rveys were interpreted uring standard seismic

(compressional wave) velocity and time intercept/critical di-3tance

equations. Signal arrival times were determined on the seismograph

oscilloscope and plotted on linear graph paper for each hammer impact

station. The resulting time-distance curves yielded depths to inter-

faces between layers of dif.^erent seismic velocity, seismic velocities

of the various layers, and dip cl t.ýa contacts. Reversed profiles were

* A table of factors for converting U. S. customary units of measure
ment to metric (SI) )mits is presented on page 3.
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run when necessary to detect dipping contacts. The reader is referred

to the many texts on the refraction seismic technique for explanation of

t e theory and derivation of the equations (see, for example, Dobrin,I

Chapter 5; Redpath2 ; Musgrave,3 Section 5; Zohdy, pages 67 -84; and

Mooney5 ).

Resistivity Interprttation Methods

9. Two kinds of resistivity surveys were run for this study. A

resistivity sounding was run about a fixed central point to determine

changes with depth, and a resistivity profile, in which the entire

electrode array is moved along a line, was run to determine lateral

changes. Thi Schlumberger array was selected for the sounding surveys

because the array allows recognition of the presence of lateral inhomo-

geneities and because field procedures in sounding are fabter with it

than with the Wenner array. The Wenner array, on the other hand, is

simpler to use in a profiling survey because its electrode spacings are

equ•l. Field pizocedures for applying the various arrays are discussed

belo•w, Sotudings were interpreted by the curve matching technique, in

which fie3A plots of apparent resistivity versus electrode spacing are

matched against master curves. The field and master curves are matched

directly when possible and otherwise by the use of auxiliary curves.

The master curves are mathematically derived curves of apparent r-sis-

.ivity versus electrode spacing representing a variety of ideal sub-

surface conditions. The curves used in this study are those of Orellanai

and Mooney,6 plotted on a modulus of 62.5 mm/cycle. Field curves were

plotted on double logarithmic graph paper of identical scale obtained

from Aerni-Leuch, Bern, Switzerland, Number 551. True resistivities and

depths to layers of contrasting resistivities cat be computed by the6
curve matching process (Orellana and Mooney, Pert III). The resis-

tivity profile data were interpreted qualitatively by analysis of the

shape of the field curve. Part III of this report demonstrates the

interpretation procedures. The reader should see the following refer-

ences for theoretical considerations and further field applications of

8



resistivity methods.. Orellana and Mooney 6  Keller and FrischknechtT;

Dobrin, Chapter 17; Zohdy, pages 5-63; and Van Nostrand and Cook

Refraction Seismic Field Procedures

10. The seismograph and strip-chart recorder are set up in the

back of a carryall or similar vehicle for protection from the weather.

The geophone is implanted into firm ground in a level position at

staticn zero near the seismograph. A cable connects the geophone with

the seismograph. Ruled tapes for positioning the hammer stations are

laid out in opposite directions from station zero. Another cable

connects the hammer trigger switch to the seismograph. For the inves-

tigation, hammer stations were run usually at 5-ft spacings out to

100 ft, and then at 10- or 20-ft spacings out to the maximum distance at

which usable signals were obtained. The short initial spacings allow

better definition of shallow features such as soil interfaces, the

weathered zone, and the groundwater interface. The steel striking plate

was placed successively at each impact station and struck repeatedly

with the hammer until a sufficiently enhaiced signal was obtained on the

seismogiaph oscilloscope. Figure 4 illustrates the basic features of a

refraction seismic line.

11. The seismograph used in this investigation displays travel

time in milliseconds on an oscillograph as a pointer is moved to the

proper point on the signal trace. The travel time is plotted against

the appropriate hammer station on the travel time-distance graph. The

procedure was repeated for hammer stations in the opposite direction

from station zero, and those data were plotted as a separate curve. If

the curves indicated the presence of more than one layer in the sub-

surface (a break in slope of the curve), reverse profiles were run by

I icing the geophone at the opposi.te end of the seismic line and

fepeating the procedure.

9



Resistivity Sounding Field Procedures

12. A resistivity sounding was run in the vicinity of the seismic

line to complement the seismic interpretation. honconducting 200-ft,

fiber-reinforced tapes were laid out in opposite directions from a

center point and stakes were placed beyond 200 ft at the proper spacing

out to 500-600 ft to mark the electrode stations. In a sounding array,

the resistivity meter and cable reels are positioned at the center of

the line and connected to the four electrodes by cables. The potential

electrodes are emplaced at. their initial close spacing, and apparent

resistivity readings are taken for successively greater current elec-

trode spacings (AB) until meter sensitivity is exceeded. The potential

electrodes are then reimplanted at a greater spacing and the readings

continued for increasingly greater current electrode spacings. Poten-

tial electrode spacings (MN) of 2, 30, and 70 ft were used in the

soundings. The procedure is repeated until the electrode spacing

becomes too large to achieve reliable meter readings. Figare 5 illus-

trates the basic features of a resistivity sounding.

13. For each reading it is necessary to null any self potei.tial

developed between potential electrodes by means of a galvanometer dial

on the instrument. Current is then applied to the circuit by means of

the current switch on the instrument, and the resistance is measured by

nulling out the galvanometer with a rheostat. 2he resistance value

obtained is that used in the equations to calculate apparent resis-

tivity. The values of apparent resistivity and the half curre,,t elec-

* trode spacing are then plotted on log-log graph paper for matching with

the master curves. The scale of the field curve graph paper and that of

the master curve must always b the same. High quality, dimensionally

stable paper should be used. Interpretation of the curves yields the

thickness (E) and true resistivity (p) of electrically contrasting
6

subsurface layers. See Orellana and Mooney, pages 21 and 22, Figures 8

and 9.

10
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Resistivity Profile Field Procedure

a-4. Wenner resistivity profiles were run to locate the lateral

position of buried or obscured geological contacts. The four electrodes

in a Wenner resistivity profile are m~aintained at constant and equal

spacing for a given profile line. The entire electrode array is moved a

constant distance along the line for each new apparent resistivity

reading. Electrode spacing determines the depth of penetration of the

survey. Tihe depth of influence of the electrode array can be roughly

* estimated as between one and three times the electrode spacing. An

electrode spacing of twice the expected target depth was Used initially

for most of the profiles run in this investi.gation. The electrode array

was usually advanced a distance equal to th,ý length of the array (three

times the electrode spacing) for each succensive measurement in a

profile. Where more overlap was needed for more detail, the array was

advanced a lesser distance, e. g., two times the electrode spacing, The

* apparent resistivity values were plotted as the ordinate on linear graph

paper, with the center position of each mee.surement plotted as the

abscissa, thus showing the change in apparent resistivity along the

profile's traverse. Part III of this report demonstrates the interpre-

tation of profile dxta. The profile requires more time to run than the

sounding because the entire system must be moved along the traverse and

reassembled for every three or four measuremaents, depending on the

electrode spacing being used.
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PART III: TESTS AND RESULTS

Old River Outflow Channel Site

Analysis of data

15. The Old River field investigation was run parallel to the

outflow channel west of the Old River Control Structure, along a stretch

of shell road (Figure 6). Figures 7 and 8 are a geologic map and cross

section nf the area. Field data stations, which are approximate, are
referred to the existing stationing along the channel, the latter
stationing being measured along the channel westward from the center of

the control structure. A Wenner array resistivity profile was run first

i. from sta 45+50 (4550 ft west of center of structure) to sta 98+30. The

electrodes were spaced 80 ft apart ("a" spacing) and the array was moved

240 ft ("d" spacing) with each measurement (see Figure 9). The profile

was run on grass-covered ground between the road and the high brush

bordering the road right of way. A Schlumberger array resistivity

sounding was then conducted in the vicinity of the clay plug, with the

center of the sounding at sta 71410 (see Figure 5). The maxlmum current

electrode spacing (AB) for the sounding was 1200 ft. A second sounding

was run east of the mapped edge of the clay plug at sta 46+50. TheF, maximum AB spacing achieved there was 1000 ft.

16. Seismic traverses, using the single-channel enhancement unit,

were run first at sta 76+10 (sta I of Figure 6) and then at sta 46+30
(sta 2 of Figure 6) to complement the resistivity soundings. One line

was run at sta 1, from sta 76+10 eastward to 75 ft. Two lines were run

at sta 2, 300 ft to the west and 300 ft to the east.

17. The resistivity profile was positioned to cross both sides of

the buried clay plug as mapped from borings and aerial photography

(Figure 7). The electrode "a" spacing was maintained at 80 ft to assure

that the depth of influence was well within the clay plug. Figure 10 is
,.

the graph of the profile data. A marked contrast in apparent resis-

tivity (p) values occurs between sta 79+10 and 57+50. The relatively

uniform values o-f about 70+ ohm-ft within this zone differ substantiully

12



from the values of 120+ ohm-ft to the east and viest. It is clear from

the data of Figure 10 that a zone of low-resistivity material 20 to

80 ft deep was crossed by the array between sta 57+50 and 59+90 on the

east, and sta 76+70 and 79+10 on the west. The p peaks exhibited on

the graph at sta 79+10 and 57+50 are characteristic of curves of pro-

files crossing contacts of zones of different resistivities. The peaks

are caused by anomalous apparent resistivity values measured as differ-

ent electrodes of the array cross the contact 9 (page 221, Figure 146B)

The contact between the zone of low resistivity (the clay plug) and the

high-resistivity material on either side is interpreted to be beneath

sta 58+70 and 77+90. The geologic cross section constructed from

previous borings in the survey area is shown in Figure 8 (see Figure 6

for- locations of these borings). The clay plug contacts as determined

by the resistivity data are shown on the cross section in their true

stationing positions and as they would appear projected into the line of

borings parallel to the trend of the mapped contacts. The position of

the eastern-most contact as interpreted from the resistivity profile

agrees very well with the mapped position. The interpreted position of
thp western-most contact lies some 800 to 1000 ft east of the mapped

positior-, Control for mapping of the contact was primarily borings 12-C

and GS-28 (Migure V) and aerial photo coverage. Boring 12-C does not

show a great thickness of the fat clay characteristic of the clay plug,

and penetrr,'es substratum sands at a depth relatively shallow compared

to boring 10-C. Tni thinner portion of fat clay in boring 12-C probably

indicates that the boring lies near the western edge of the plug. The

positio.n of the contact as inferred from the resistivity data, when

projected into the line of borings parallel to the Trernd of the plug,

lies very near boring 12-C. This, and the excellent quality of the

field curve, indicates tl-t the contact may actually lie to the east of

its presently mapped position.

18. Boring GS-28 (Figures 6, 7, and 8) penetrated silty sands and

sands indicative of point bar at a relatively shallow depth lying to the

west of the clay plug. The resistivity profile data show an increase in

apparent. resistivities to the west, which could be explained by the

13
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presence of more resistive materiais such az coarse point bar deposits.

The borings to the east of the plug (e.g., boring 8-C) pass through fat

clay at 30 to 40 ft (probably backswamp) and enter substratum sands at

around 40 ft. Apparent resistivitibs east of the contact indicate

materials similar to those west of the plug, and probably represent the

shallow substratum sands. The presence of relatively shallow, high-

resistance (electrically contrasting) materials bordering the conductive

clay plug makes it possible to recognize the plug's presence and deter-

mine its position.

19. A resistivity sounding ;as run within the clay plug zone

(sta 71+10) to attempt to determine the thickness of overlying fill, the

water table depth, and the depth to the base of the plug. Figure 11 is

the graph of apparent resistivity versus the half current electrode

spacing (L). A smooth curve must be obtained in a resistivity sounding
conducted in an area that is free of lateral inhomogeneity (Reference h,

page 37). Sharp breaks in the curve are caused by the presence of

I, lateral changes in the earth. The curve in Figure 11 exhibits a good

three-layer curve cut to a total AB spacing of 120 ft (L = 60 ft). A

sharp break is then indicated and a somewhat poorer curve is described

out to L = 600 ft. The interpretation of this curve is limited 'o the

smooth portion on the left, and indicates a very thin (1.3 ft) surface
layer of about 50 ohm-ft underlain by about 13 ft of conductive

(19 ohm-ft) material, and a more highly resistive material of about

120 ohm-ft below that. The depth of influence for the sounaing was

probably too shallow to detect the clay plug material. A low true

resistivity was expected for the clay plug. Had the field curve not

been disrupted by the apparent lateral change beyond L = 60 ft, there

might have been sufficient penetration to detect the clay plug.

20. A second sounding was conducted east of the contact, at

sta 46+30. A fairly smooth five-layer curve was produced out to

L = 500 ft (Figure 12). The auxiliary point method of curve interpreta-

tion becomes less accurate when used on field curves of more than four

layers (Reference 6, page 33). Therefore, an interpretation was made

using only the upper four-layer portion of the curve. The interpretation

14
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indicates about 2-1/2 ft of 22-ohm-ft material at the surface, then

53-ohm-ft material down to about the 14-ft depth; 20-ohm-ft materidi

below that down to 37 ft; and a stratum of relatively high (1ii ohni-ft)

material below that. The position of the sounding is close to thc line

of borings between borings 8-C and GS-15 (see Figure 6). The base of

the fat clays (backswamp?) between the two borings would be by inter-

polation about +!6 ft mean sea level (msl). The sounding indicates a

zhange from conductive material above to more resistive material below

at about +20 ft msl. The presence of at least a fifth layer of lower

resistivity below that, however, reduces the confidence in correlating

the sounding with the borings. The reason is that one would expect,

from the borings, a general increase in resistivity with depth at this

station. The electrical soundings did not produce sufficient depth of

penetration to be of significance at this site. Lateral variations in

earth materials at sta 1, complexity of the subsurface materials at

relatively sbf.llow depths at sta 2, ard inability to detect the very low

potential differences on the instrument at large L distances contributed

to the inadequacy of the soundings.

21. Seismic refraction surveys were run near each of the two

sounding stations. The first was run from sta 1 (sta 71+10) eastward

75 ft (Figure 13). Good signals were obtained out to 75 ft but signals

beyond that were too poor to be read with confidence. Figure 14

illustrates the form and relative quality of the seismograph signals.

Travel times noted are for first arrivals. A gap in the curve occurred

between hammer stations 45 and 50 ft, and the slope reverted to that of

a lower velocity material. The curve in Figure 13 describes a three-

layer subsurface with a lateral change occurring east of hammer station

40 ft at about the depth of the third layer. Figure 15 shows the cross

sections that could be inferred from the seismic and resistivity data at

sta 1. A similar subsurface structure with its corresponding travel

time-distance graph is illustrated in Mooney5, Chapter 15, Figure C.2.b.

The 4 000-ft/sec compressional wave velocity for the lower layer could be

indicative of a water-saturated sand. Interpretation of the third layer

4 as a sand would also agree with the resistivity section, which shows a

15



relatively more resistive unit below about 13-ft depth. The third layer

described here could be explained as a sand lens within the clay plug.

The leteral change, exhibited in both the resistivity and the seismic

lines, might then represent the transition into the clay porticn of the

plug. The unit directly above the third layer with its base at about 11
and 13 ft in the seismic and resistivity cross sections, respectively,

may represent natural levee deposits which blanket much of the area

around the Old River outflow channel.

22. Excellent signals were received out to 300 ft on the two

seismic lines run at sta 2 (Figures 16 and 17). All data points lie on

or very near a single line passing through the origin. The inverse

slopes of the twc lines are essentially identical, 1128 ft/sec and

1132 ft/sec. Two interpretations are offered for the data: (a) the

data represent a si.ngle, thick, low-velocity surface layer extending to

a depth of at least 116 ft, and (b) the data represent a low-velocity

surface layer cf undetermined thickness underlain by a thick lower

velocity intermediate layer that masks the deeper subsurface materials.

The velocity of water-saturated sediments can be said to range between

3000 and 6000 ft/sec. The water table shbuld have been encountered at

about 20-30 ft depth (approximate elevation of the water in the outflow

chllnnel). For that reason the first interpretation, that of a low-

velocity material 116 ft thick, is untenable. The second interpretation

is the simplest and most logical explanation. Figure 18 illustrates how

the graph of sta 2 could be produced by the presence of a. thick, low-

velocity layer below the surface layer. The direct wave, traveling at,

in this case, 1130 ft/sec, normally is recorded as a first arrival until

the refracted signal from the faster layer at depth overtakes it. The

4 presence of a low-veloci~y V2 zone between the V and V3 layers,

however, refracts the seismic wave downward and in effect lengthens the

path and slows the wave so that even at great geophone-impact distances

the direct wave continues to arrive before the refracted wave. A single

slope is thus produced on the time-distance curve. The low velocity V2

zone possibly represents the backswamp fat clays shown in borings 8-C

and GS-15, Figure 8. Entrapped gas in the backswamp material would
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lower it& effective velocity. Normally, forwa:i' and reversed lines are

run for each seismic station, but because only the direct wave was

received, a reverse line was unnecessary.

Summary of results

23 Tha resistivity profile was apparently very effective in

locating the position of the abandoned channel clay plug. A more

precise definition of the contacts could be achieved bý overlapping the

measuremerts ty one or two "a" spacings and obtaining a greater number

of data points. The resistivity soundings failed to achieve sufficient

depth to be of practical significance in a geological study. The cross

section interpreted from the sounding in the clay plug correlated fa.rly

well with the seismic refraction data there but neither was deep enough

to warrant confidence in geologic interpretation of the subsurface.

Similarly, neither seismic refraction line adequately pictured the

subsurface structure, probably because of complex near-surface geology

and variations in earth materials laterally.

Lock and Dam No. 3 Site, Red River

Analysis of data
24. The field investigation at Lock and Dam No. 3 was conducted

along an unimproved road running northwest from the river (see

Figure 19). Figure 20 is a geologic map of the area and Figure 21 shows

the logs of four borings near the road. A resistivity p'- ile iias made

from the river end of the road (sta 0), a distance of 1530 ft up the

road. An 'a" spacing of 20 ft and "d" spacing of 60 ft were used.

Electrical soundings were conducted at a>,-,t 720 ft (sta 1) up the road

from sta 0, and at about one mile (sta 2) up the road (Figure 19). The

sta 1 sounding -was carried out to an AB distance of 800 ft. The sta 2

sounding was carried out to an AB of 400 ft. Reversed seismic lines

ifere run east and west from sta 1 with the geophone set at sta 1. One

reversed seismic line was run at sta 2 eastward.

25. The resistivity profile was started ne3: the riverbank and

worked up the roaL Ln hopes of detecting the point bar-backswamp and

backswamp-terrace contacts. Since the contacts were assumed to be near

17
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the surface, ean "a" spscing of only 20 ft was used. Figure 22 is the

graph of the profile data. The traverse runs from right to left on

the graph. The graph is too erratic for interpretation. A profile must

exhibit a segment of uniform values before a contact may be confidently

picked, but the profile shown here is a series of peaks end troughs with

few or no uniform apparent resistivity segments.

26. The electrical sounding at sta 1 is graphed in Figure 23.

The field curve is fairly smooth out to L = 100 ft, except for two cusps

at 15 and 50 ft. Cusps can b% caused by an anomalous mAterial near one
24of the electrodes or current leakage 4.n the cables (Zohdy , page 37).

Current leakage problems were experienced at this site and were possibly

the cause of the cusps. A substantial amount of _moothing of the curve

was necessary, evident on the field curve, and loweri the confidence og

the interpretation of the curve. A fair curve match was made with a

three-layer mat,,r curve, but a better fit was achieved using auxiliary

curves. The interpreted section shows 11 ft of 32 ohm-ft material

underlain by 25 ft of 112 ohm-ft material, underain by an undetermined

thickness of 23 ohm-ft material. The elevation of sta 1 is approxi-

mately 105 ft. (sE- Figure 19). The nearest borehole is over 1700 ft to

the nor*.h of sta 1 (Figure 19), and it is not possible to correlate the

sounding with either boring 3-22G or 3-1G (Fl gure 21). The sounding was

not deep enough to detect the Pleistocene-Tertiary contact, the eleva-

tion of which shouli be much as shown in Figure 21.

27. The sounding at sta 2 was hindered by curves in the road and

changing ground elevation d'Jith increase in electrode spacrig. There-

foz-, tae 'ine was run to an AB opacing of only 400 ft. The curve was

r-eletire)4 smooth out to L = 100 ft, but considerable smoothing was

necessary beyond that. A four-laye-e mcdel was interpreted by means of

ea-xiliary curves as shown in Figure 24. The interpretation yielded a

relatively high-resistivity su!,surface, which perhaps would be expected

in the granuilar terrace deposits izr which the sounding was run. The

interpret d cross section is 1075 ohm-ft material from the surface down

to 4 it, then 415 ohm-ft do.m to 9 ft, then 2400 ohxa-ft mrterial to

_26 ft, and below that material of 1075 ohm-ft. Sta 2 is about 300 ft
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from boring -G sb•-3 a 'hick sequence of silty sand below about

1-.ft depth, and one wou.d expect an increase in resistivity below 16 ft

as dry coarser materials are encountered. The position of the water

table is not indicated in the bori.ng logs. The elevation of the ridges

at ste. 2, as shown in Figure 19, above the intermittent stream and the

swamp, infers a deep water table (below elevation +100 ft msl), so that

the asaumption c, ri be made that the terrace material is dry down to at

least 20-ft depth. The sounding does not correlate with the bering.

Again, not enough depth was reached to deteLt the terrace-Tertiary

contact at its depth of about 90 ft.

28. Two reversed seismic lines were run at sta 1, one east to

260 ft and one west to 230 ft. Figure 25 shows the result of the west

t,. .o c'st line. Two layers are indicated: a 1050-ft/sec upper layer

about 10 ft thick, and a 5400-ft/sec layer below that. A very slight

dip to the west ( 1 deg) is indicated by the data. Figure 26 shows the

curves for the east to west line. These data indicate a similar subsur-

face with a somevhat faster surface ' yer (1667 ft/sec) and an under-

lying material of about the same velocity as that of the other line

(5658 ft/sec). A dip of a little over 3 deg to the west is indicated.

The cross section inferred from the two lines is shown in Fig-are 27.

There is a discrepancy betw-en the two lines concerning the depth to the

high-velocity layer. The . screpancy of about 7 ft may be caused by

a gradual change in surface layer velocity between ends of the two

seismic lines. A curved slope of the VI layer is noted in both lines

near the central point (sta 1). Such a slope is characteristic of a

uniform increase in velocity with depth, for example by overburden

consolidation. These variances in V could produce errors in the

calculations of depths because the single value chosen for V1 is used in

the depth equations (see Figures 25 and 26). A dashed line has been

drawn on Figure 23 as the averaged depth tu the top of the V2 layer.

The structure could be interpreted as a 15- to 20-ft layer of soil and

weathered terrace deposits underlain by unweathered sandy terrace

deposits. The electrical sounding (Figure 23) shows fair agreement with

:1.9
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this interpretation--the 11-ft-thick, 32 ohm-ft upper zone representing

the clayey weathered po-til and the 112 ohm-ft material below repre-

senting the sandy unweatherxud material,

29. A reversed seismic line was run at sta 2, west to east, a

distance of 180 ft. Signals beyond that distance were too weak. A two-

layered subsurface was indicated by the time-di3tance plots (Figure 28),

the contact dipping a little over 1 deg to the west. The data represent

a typical two-layer curve except for the apparent time delay (gad) in

the arrival of the V2 signals, at hammer stations 60 and 105 ft. The

arrival time gap is difficult to explain. The shape of the graph is

5similar to that for a buried step, as illustrated ia Mooney, Chapter

15, Figure C-7a. The gap in Figure 28, however, occurs concurrently

with the break in slope, and indicates an anomalously later arrival on

both forward and reversed seismic lines, and therefore does not fit a

buried step interpretation.

30. The inferred cross section (Figure 29) was constructed from

the data neglecting the time gap. Comparison o. the seismic data cross

section with boring 3-24G (Figure 21), and with the electrical aoundingLi (Figure 24), places the V1 -V 2 contact midway within the silty sand of

the boring and near the base of the 2hOC ohm-ft layer of the sounding.

One explanation consistent with both sets of data is that the water

table was encountered at a depth of about 26 ft (sounding data) to 32 ft

(seismic data). The presence of groundwater in the sediments would both

lower the resistivity of the metertal and increase its velocity to about

that indicated by V2 (5127 ft/sec).

Summary of results

j 31. It was hoped that the geophysical data would detect the

contact of the Pleistocene terrace deposits on the Tertiary bedrock

below ant that the lithologies of the two units could be predicted from

velocity and resistivity values. The contact was too deep for the low-

energy type surveys run, however, and only a relatively shallow section

was investigated. The seismic and electrical data were sufficiently

correlative that an intr'rpretation could be made consistent with both

sets of data and somewhat consistent with the limited borehole data.
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Inner Harbor Navigation Canal, N. v Orleans

32. An e",cttia± soundSng and a seismic refraction line were

attempted at U•,is site alhgn it was felt beforehand that the presence

-~f a steel cutWff' wall within the levee would se anomalous data. The

surveys were rur pal-elko\ to V'\e levee, betweE The east levee and the

r-dd (Jourdan Road), from eta 1 of Figure 30. The sounding was run to

a maximum of 160 ft (Ab spacing). The field curve (Figure 31) shows e

continuous drop in apparent resistivities with increasing electrode

spacing. Meter readings were much too low beyond 160 ft to be recorded

with confidence. The rapid fall-off of values and the extremely low

resistivity values obtained at wide electrode spacings were probably

caused by deflection of the current field by the buried sheet pile

cutoff wall, which would be highly conductive. As the current elec-

trodes were moved farther apart from the measuring (potential) elec-

trodes, the effect of the conductive wall would become more and more

apparent.

33. A seismic line was run south from sta 1 (Figure 30) a

distance of 380 ft. An apparent single-latyer curve similar to that of

sta 1 of the Old River site survey was obtained as shown in Figure 32.

The 1125-ft/sec velocity for the single layer indicatea in Figure 32 is

far lower than the velocity that would be expected for the steel cutoff

wall. It must be assumed, therefore, that the velocity is that of the

ground, and that, as in the Old River survey, a low-velocity material

underlies the surface layer in sufficient thickness and of sufficiently

low velocity that it masks any higher velocity material below. Marsh

aud swamp deposits irregularly overlie the buried beach (Figure 3).

The possible presence within these deposits of organic materials with

entrapped gases would explain the existence of a low-velocity zone

beneath the levee fill surface layer. Since an alternate site was

available for investigation of the buried beach, no further attempts

were made at the Inner Harbor Canal site.
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Metairie Outfall Canal Site, New Orlleaes

Anal&ysis of data

34. Seismic lines were run atop and at the base of the levee

Salong the west side of the Metairie Outfall Canal. Figure 34 is a

geologic cross section parallel to the canal and about 2300 ft east.

S~One electrical sounding was run along the top of the levee, and a

resistivity profile was run along tne top of the levee a distance of

Sabout 4400 ft. The seismic lines were run from sta 1 (Figure 35) north

to south atop the levee, and south to north at the base of the levee.

Data points for the seismic line run atop the levee (Figure 36) were

erratic beyond about 45 ft and only the surface layer could be inter-

preted with any accuracy; it showed a velocity of 1140 ft./sec. The

depth to the second layer (V2 = 3883 ft/sec) was computed as 16.8 ft

(Figure 36) but little confidenue should be placed on that value. The

second seismic line was run at the base of the levee to attempt to

obtain better second-layer data points. The line was run a distance of

200 ft from sta 1 north. The data for this line were much better

(Figure 37). Two layers are indicated: one 9.2 It thick with a

velocity of 1124 ft/sec, and one of undetermined thickness est a velocity

of from 3300 to 3900 ft/sec. A break in the slope of layer V2 occurs at

about 100 ft on the line. It indicates that the signals from this layer

arrived earlier beyond 100 ft. This feature is best explained by the

existence of a buried step, rising to the north, between layer V1 and
51

V2 (see Mooney5 , Chapter 15, Figure C-Tb). The geological interpreta-

tion of this data is discussed below.

35. A Wenner resistivity profile was run from sta 2 atop the

levee (Figure 35) just south of I-10, a distance of about 4400 ft south.

An "a" spacing of 80 ft and a "d" spacing of 160 _t (a two-electrode

overlap) were used. A graph of the profile is shown in Figure 38.

There is a gap in the data from 2200 ft to 3400 ft in which no measure-

ments could be taken because of a railroad crossing and canal pumping

station. Low, fairly constant apparent resistivities were measured

south of 2000 ft; resistivities rose slowly north of 2000 ft and
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sharply north of 1200 ft. Analysis of the profile data is includee

below with the discussion of the seismic results.

36. The resistivity sounding was run at sta 1 to an "L" spacing

of 300 ft. Its field curve (Figure 39) shows a general decrease in

resistivity with depth with an intermediate layer of higher resistivity.

Thi curve could not be interpreted with the curve matching technique

although two-layer and auxiliary curves were consulted for the most

conservative approach. The rather sharp peak in the slope of the field

curve at L = 80 ft may be caused. by the limited lateral extent of a
4

subsurface layer (Zohdy , page 40). The shape of the field curve

indicates complexity in the subsurface. Figure 34 is a geologic cross

section reconstructed from borings along Pontchartrain Boulevard from

Lake Pontchartrain south to the Wssissippi River. The main feature of

the cross section is the near-surface buried beach between the 5,000-

and 22,000-ft grid lines. The cross section indicates the complexity of

the subsurface in the vicinity of the buried beach. The positions of

sta 1 and 2, and the profile line, are shown projected into the geologic

cross section parallel to the trend of the buried beach, as determined

from an unpublished contour map of the top of t'a buried beach.

Geologic interpretation of data

37. The thickest portion of the buried beach runs from about the

position of sta 1 northward beyond sta 2 (see Figure 34). South of

sta 1 the beach sand thins so that the upper part is replaced by pro-

delta clays. There is a thin (about 5 ft) marsh deposit overlying the

beach and prodelta clay near sta 1 and 2. Probably less than 5 ft of

surface fill exists in this area. The south-north seismic line at the

base of th- levee indicates a material of velocity of 3333 ft/sec at a

depth of about 9 ft (Figure 37). That depth conforms well with the top

of the thick portion of the buried beach. Therefore, the 3333-ft/sec

layer is believed to be the buried beach. The buried step encountered

in the seismic line (Figure 37) possibly represents an ancient beach
scarp or terrace.
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38. Figure 34 shows the position of the resistivity profile with

respect to the geologic cross section. It is apparent from t...e field

graph of the profile (Figure 38) that, at the depth of influence of the

electrode array ("a" of 80 ft), a subsurface of relatively low resis-

tivity was encountered in the southern two-thirds of the profile. This

material is inferred to be principally the prodelte Lays to the south

of the thick upper portion of the buried beach. The sharp rise in the

profile's graph from about 1200 ft northward, (Figure 38) probably repre-

sents the influence of the thick, shallow portion of the coarse beach

deposits. The edge of this thickest part of the buried beach is in-

ferred to be at the 1160-ft station on the profile, in good agreement

with the geologic cross section (Figure 34). The gradual rise in the

curve between 2200 and 1240 ft is probably caused by a gradual thick-

ening of the resistive beach at the expense of the conductive prodelta

clay.

39. The seismic refraction and resistivity profile surveys were

considered successful in detecting and delineating the southern position

of the buried beach, although boring data obviously were needed to make

the liberal interpretstions presented above. The electrical sounding

again failed to give usable data, attributable probably to the com-

plexity of the subsurface deposits.

Nine Mile Point, New Orleans

40. Figure 40 is a general geologic map of the New Orleans area,

and shows the approximate position of the point bar material on Nine

Mile Point. A resistivity profile was run from the vicinity of State

Highway 18 northward about 3700 ft along the edge of the railroad grade

construction on Nine Mile Point (see Figure 41). An "a" spacing of 80

ft and a "d" spacing of 240 ft were used. Reversed seismic lines and

electrical soundings were run at two stations and a seismic traverse and

sounding were attempted at a third.

41. The purpose of the resistivity profile was to locate the con-

tact between point bar materials on the north and backswarap deposits on
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the south. The field curve for the profile is shown in Figure 42. Low

apparent resistivity values were obtained in the southern half of the

profile, indicating conductive subsurface there. The values rose sharp-

ly from about 2000 ft northward and were still rising when the profile

was terminated. The presence of heavy woods and a canal prevented

continuation of the profile to the north. The low resistivity values

are inferred to represent the conductive backswamp clays and the higher

values the coarser point bar materials. Ideally the curve would have

leveled off to the north at a value of around 40 or 50 ohm-ft. Because

the profile could not be extended far enough in that direction, the

interpretation must be made without benefit of the complete curve. The

contact is inferred at the 3000-ft position of the profile (Figure 42),

about midway on the rising portion of the field curve. Its position is

shown marked in Figure 41. The approximate position of the contact has

been mapped previously from aerial photography (Figure 40). The mapped

contact is shown dashed on Figure 41 and lies about 1300 ft north of the

position of the contact as inferred in this report. The resiLtivity-

inferred position of the contact could be in error by several hundred

feet (too far south) because a peak on the field curve was never

reached. The mapped position, however, may also be in error because of

the lack of boring control in this area. It is felt that the profiling

technique was effective in detecting the presence and influence of the

point bar as the profile moved northward, but the lack of sufficient

access length prevented a concise and cmplete interpretation.

42. Survey stations 1, 2, and 3 are shown in Figure 41. A

seismic refraction line was run ncrthN.ard from sta 1, a distance of

140 ft, and the line was reversed from 90 ft back (Figure 43). Seismic

signals were relatively poor at the Nine Mile Point site, probably

because of attenuation caused by the generally soft clayey upper portion

of the soil. AccordSngly, shorter lines were run and less depth of

penetration was achieved. Interpretatlon of the reversed portion of the

seismic line indicates two layers, the upper very slow at 700 ft/see,

the lower at a depth of about 6-10 fv with a velocity of 2800 ft/sec.

The forward or south to north line run out to 140 ft indicates a
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"possible third layer. Using Lthe intercept time and the slope from the

four data points received for the layer, a velocity of about 7700 ft/sec

and a depth of 40 ft were computed for this layer (see Figure 43). Such

a velocity is higher than that expected for unconsolidated point bar

depositu. Also, the layer is too deep. No geologic interpretation is

offered here for the apparent third layer because of the erratic nature

of the data points beyond 90 ft.

43. The resistivity sounding was run at sta 1 to a total AP

electrode spacing of 1000 ft. Readings on the instrument scale were

very low, however, and usable measurements were made only out to 160 ft

(L = 80 ft). The limited curve (Figure 44) indicates a three-layer

subsurface with generally low resistivity values. The depth of influ-

ence of the sounding is too shallow to warrant attempting a geological

interpretation.

44. A reversed seismic line was run south from sta 2, a distance

of 100 ft (Figure 45). The data beyond 70 ft were those of a slower

velocity material, and it was assumed that a lateral change occurred

beyond 70 ft. Therefore, the line was reversed only from 60 ft back.

The interpretation was similar to that of sta 1: a low-velocity layer

(973 ft/sec) down to about 10 ft, and a higher velocity material

(3049 ft/sec) below that. The seismic data for the two stations are

consistent enough that something about the shallow geology there can be

inferred. The low velocity, 10-ft-thick upper layer may represent the

[ natural levee blanketing the point bar-backswamp materials, with satu-

rated FI iiients beneath; or it may represent the nonsaturated soil

overlying the deeper saturated sediments.

45. The field curve and interpretation of the electrtcal sounding

run at sta 2 are presented in Figure 46. A smooth curve could be drawn

out to L = 100 ft, which represented a depth of influence of less than.

20 ft. Theret obvious correlation between the sounding interpre-

tation and that of the seismic line. A seismic line and resistivity

sounding were attempted at sta 3 but were unproductive. Field curves

for the respective surveys are shown in Figures 47 and 48.
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

46. The hammer seismic and surface resistivity exploration

methods show some promise for use in the alluvial terrain of the lower

Mississippi Valley. This study indicates that their use is limited to

relatively shallow (less than 100 ft) depths and that they rarely can be

expected to be used with equal success at the same site. Conversely,

the seismic and resistivity techniques should be used it. ..onjunction

with each other and with existing boring and outcrop data to obtain

complementary data for the bect possible interpretation of the

subsurface.

47. The best results were obts'ned with the res-.tivity profile

Y. surveys. The profiles were very effective in most situations in

locating subsurface contacts and bodies of anomalous geologic materials.

Approximate depth of interest (penetration) can easily be controlled by

adjusting the electrode spacing. One possible limitation to the appli-

cation of the profile would be lack of sufficient line length in which

to run the survey, especially when using a large electrode spacing.

48. The resistivity soundings delineated very shallow electrical

discontinuities such as soil layers and moisture variances, but were

ineffective in attaining sufficient depth to allow construction of
substantial geologic sections. The-probable causes of the soundings'

ineffectiveness are complex subsurface structures in some of the test

areas, lateral variations in electrical properties in subsurface

materials of many of the sites, and insensitivity of the instrument at

large electrode (L) spacings.

49. The hammer seismic device was unable to achieve adequate

depth of penetration in the unconsolidated deposits encouwxtered at, many

of the sites. This is attributed to severe attenuation of the hammer

impact by the loose, sometimes dry near-surface materials. Refinements,

however, are being made in portable hammer seismic equipment, such as

the development of multi-channel, signal-enhancement units. Use of the

improved units may permit more efficient, higher resolution surveys to

be conducted. The seismic data .rere useful in sowe situations in
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correlating shallow data obtained in the other surveys. The hammer

seismic equipment performed best in the upland terrain of the Red River

Lock and Dam No. 3 site, probably uecause of the higher consolidation of

the earth materials, and in the Metairie Outfall Canal area, where the

saturated sands of the buried beach deposit transmitted the low-energy

seismic signals better. Another apparent problem with the hammer

seismic surveys was the masking of deeper materials by a low-velocity

intermediate layer, as at the Old River and Inner Harbor Navigation

Canal siites. The likely presence of low-velocity intermediate zones

should be recognized in using the refraction seismic method in alluvial

deposits.

50. Man-made structures, in this case a steel sheet pile cutoff

1~wall, proved to be a major obstacle at one site (Inner Harbor Navigation

Canal) and hampered surveys at another (Metairie Outfall Canal). Such

features are expected in urban-areas but will have to be avoided

wherever possible. Where subsurface features Of sufficient areal extent

are baing investigated, alternate survey sites should be selected to

avoid troublesome man-made structures that may be present.

51. None of the three methods discussed can yield unique inter-

pretations without substantial subsurface truth data such as exploration
trenches or drill hole data. These data are needed to establish

lithologies, resolve the equivalence (ambiguity of interpretation)

inherent in the resistivity methods, and develop a degree of confidence

in the surveyor's interpretations.
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Figure 2. Bison Model 1575-B seismograph, strip chari

recorder, hsilrner, and striking plate.
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Figure 3. Keck Model IC-69 resistivitY

meter, cable reels, and electrodes.
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